Background: According to the American Joint Committee on Cancer staging for cancer of the colon, a minimum of 12 lymph nodes (LN) has to be sampled for accurate staging. This has bearing on the long-term prognosis and the need for adjuvant chemotherapy. The aim of this study was to revisit the association of lymph node yield and the long-term survival in patients with stages I and II, i.e. node-negative, colon cancer. Method: Consecutive patients who underwent elective or emergency curative resections for cancer of colon between the years 2003 and 2012 were retrospectively reviewed. Only patients with stage I or II diseases (AJCC 8th edition) were included. They were analysed in three groups, LN<12, LN12-19 and LN≥20. Their clinic-pathological characteristics were compared. The disease-free (DFS) and overall survival (OS) were estimated with the Kaplan-Meier method and compared with the log-rank test. Results: There was a total of 659 patients included in the analysis. Twelve or more LN were found in 65.6% of the specimens. The mean follow-up was 83.9 months. LN≥20 had significantly better DFS (p = 0.015) and OS (p = 0.036), whereas LN<12 had similar DFS and OS when compared to LN12-19. The advantage in DFS and OS were mainly seen in those with stage II diseases. A lymph node yield of greater than 20 was one of the predictors of favourable DFS, hazard ratio 0.358; 95% CI 0.170-.756, p = 0.007. Conclusion: The lymph node yield had a significant association with survival outcomes. A lymph node yield of 20 or more was associated with better survival outcomes. On the other hand, lymph node yield less than 12 was not shown to have inferior survival outcomes when compared to those between 12 and 19.
Background
Staging is an integral part of colon cancer treatment. The widely adopted staging system, TNM staging maintained by the American Joint Committee on Cancer (AJCC) and the International Union for Cancer Control (UICC), requires at least 12 lymph nodes to be harvested for adequate staging [1] . The minimum number of 12 was proposed in the early 1990s and was based on a study that suggested this was enough to determine node positivity in 94% of the specimens [2] . However, the discussion went on as to what should be the optimal lymph node yield [3] . Studies also suggested that lymph node yield might serve as a prognostic indicator [4, 5] .
The technique of complete mesocolic excision, which involves the removal of the mesocolon in its intact envelope and the ligation of the central vascular pedicle, yet again draws the attention of lymph node clearance in colon cancer surgery [6] . This study aimed to revisit the association of lymph node yield and the long-term survival in patients with stages I and II, i.e. nodenegative, colon cancer. The hypothesis of this study was that inadequate lymph node yield would have an adverse effect on survival outcomes and that lymph node yield more than the suggested 12 lymph nodes would have similar survival outcomes. adenocarcinoma of colon in an academic hospital within the study period from the year 2003 to 2012. Patient demographics, operative information and pathology data were kept in a prospectively maintained database. Those who had stage I or stage II disease were included in the analysis. This study was approved by the institutional review board.
During the study period, routine central vascular pedicle ligation was not practised in right colectomies. For left-sided resections involving the ligation of the inferior mesenteric artery, high ligation was routinely performed unless the surgeon deemed inappropriate. When there were less than 12 lymph nodes sampled, the pathologist would be asked to re-examine the specimen for more.
Patients were followed up every 3 months in the first 2 years, every 4 to 6 months from the third to the fifth year and then yearly thereafter. Clinical examination was performed and the carcino-embryonic antigen level was checked during follow-up visits. Contrast-enhanced computed tomography of the thorax, abdomen and pelvis was performed yearly during the first 3 years and when indicated thereafter. Patients who were operated for colon cancer were routinely followed until death. The survival status of patients was traced from the public hospital central electronic health system, as the death of patients within the territory would be registered in the system regardless of cause and place of death. Follow-up time and time to recurrence or death were counted from the date of operation.
Patients were analysed according to the number of lymph nodes harvested from the specimen. They were divided into three groups, < 12 (LN<12), 12 to 19 (LN12- 19) and ≥ 20 (LN≥20). Twenty was chosen as the cut off as a previous study showed no significant survival benefit beyond this number [7] . The difference between these groups was analysed with the χ 2 test for categorical variables and the one-way analysis of variance (ANOVA) test for continuous variables. Survival analysis was done with the Kaplan-Meier estimate method. The overall (OS) and disease-free survival (DFS) of these groups were compared with the log-rank test. Univariate analysis of various clinic-pathological parameters using the survival outcomes as the dependent factor was performed with the Cox-Mantel log-rank test. A hazard ratio of greater than 1 signifies poorer survival outcomes. Significant parameters, those with p value < 0.05, were included in the multivariate analysis using the Cox regression analysis in a backward stepwise method. All statistical calculations were performed with the SPSS version 23 (IBM, USA).
Results

Patient cohort
There was a total of 659 patients included in this study, with 23.7% and 76.3% having stage I and stage II disease, respectively. The number of lymph nodes harvested ranged from 0 to 86, with a mean of 15.2. There were 12 or more lymph nodes in 65.6% of the specimens. The mean followup was 83.9 months. There were 89 (13.5%) patients who suffered from disease recurrence. Table 1 summarized the demographic characteristics of this study cohort.
Lymph node yield
The clinic-pathological parameters of the three lymph node yield groups were shown in Table 1 . Female gender (p = 0.034), younger age (p < 0.001), ASA 1 and 2 (p = 0.002), laparoscopic surgery (p = 0.011), T3 and T4 tumours (p = 0.005), negative lymphovascular permeation (p = 0.049), greater tumour size (p < 0.001) and those that were operated from 2008 to 2012 (p < 0.001) were associated with a higher lymph node yield.
Disease-free survival
The DFS according to the lymph node yield was shown in Fig. 1 a. LN≥20 had significantly better DFS (p = 0.015) compared to the other two groups. Figure 1 b and c showed the DFS of stage I and II diseases, respectively. The survival benefit from a higher lymph node yield was mainly seen in patients with stage II diseases. The 5-year DFS was 86.2%, 82.7% and 91.0% for LN<12, LN12-19 and LN≥20, respectively ( Table 2 ). The 10-year DFS was 84.0%, 81.6% and 91.0% for LN<12, LN12-19 and LN≥20, respectively.
The association between various clinic-pathological parameters and the DFS were shown in Table 3 . Among these, lymph node yield greater than 20 (HR 0.358; 95% CI 0.170-.756, p = 0.007), obstructed tumour (HR 2.061; 95% CI 1.128-3.767, p = 0.019), high preoperative CEA level (HR 1.004; 95% CI 1.000-1.008, p = 0.038), poorly differentiated tumour (HR 2.263; 95% CI 1.058-4.843, p = 0.035) and T stage ≥ 3 (HR 17.216; 95% CI 2.367-125.235, p = 0.005) were predictors of disease-free survival from the multivariate analysis.
Overall survival
The OS according to the lymph node yield was shown in Fig. 2 a. LN≥20 lymph nodes had significantly better OS (p = 0.036). Figure 2 b and c showed the OS of stage I and II diseases, respectively. Similar to the DFS, the survival benefit from a higher lymph node yield was mainly seen in those with stage II diseases. The 5-year OS was 68.2%, 70.4% and 78.9% for LN<12, LN12-19 and LN≥20, respectively ( Table 2 ). The 10-year OS was 44.8%, 51.2% and 57.5% for LN<12, LN12-19 and LN≥20, respectively.
The independent predictors of OS were high preoperative CEA level (HR 1.005; 95% CI 1.002-1.008, p < 0.001) lymphovascular permeation (HR 1.580; 95% CI 1.110-2.250, p = 0.011), ASA ≥ 3 (HR 1.907; 95% CI 1.443-2.521, p < 0.001), male gender (HR 1.748; 95% CI 
Discussion
Adequate lymph node yield is vital for accurate staging, determining prognosis and ascertaining the need for adjuvant treatment. The American Society of Clinical Oncology (ASCO) recommends the use of adjuvant chemotherapy in patients with stage II diseases and have a lymph node yield of less than 12 [8] . Adequate lymph node sampling was also frequently seen as an indicator of oncological clearance and cancer surgery quality [9, 10] . However, lymph node yield is affected by a multitude of factors. Apart from technical factors like the extent of resection, it also depends on factors that were not controllable by surgeons. Studies have shown that a higher lymph node yield was more likely seen in young age, right-sided resection, advanced T and N stage and greater tumour size [11] [12] [13] [14] [15] . The lymph node yield within an institution was also shown to be increasing at a rate of 2-3% per year [16] . Yet, lymph node yield was not only important for accurate staging. It was shown to correlate with survival in colon cancer patients, with those having a better survival when the lymph node yield was higher [4, 5, [17] [18] [19] [20] [21] . The logical way to explain this was a stage migration effect, i.e. more patients would be upstaged to stage III diseases if more lymph nodes were sampled [22] . However, this was disproved by previous studies. A Canadian population-based study showed that higher lymph node yield was not associated with an increase in the rate of node-positive disease [23] . Parsons and van Erning both found that the lymph node yield had increased considerably through the years but the proportion of stage III diseases remained similar [24, 25] . Storli compared hospitals with different surgical radicality and specimen evaluation methods. Despite an increase in the lymph node yield in centres with more aggressive resection and more dedicated pathologists, the percentage of stage III diseases was similar [26] . These showed that improved survival could not be explained by an upstaging effect.
Another way to explain this was the lymph node yield could be a representation of the underlying immunological response to cancer [27] . Advanced and bigger tumours are more likely to elicit a greater immunological response and hence render the lymph nodes easier to be found. An inherent better immunological response may be the answer as to why patients with more lymph node sampled had better survival. The association between microsatellite instability and lymph node yield has also been explored. Adequate lymph node harvest was more likely seen in tumours with microsatellite instability, with an odds ratio of 2.3 to 2.5 [28, 29] . While tumours with microsatellite instability were known to be associated with a good prognosis, whether this is the answer as to why patients with a greater lymph node yield had better survival remains to be elucidated [30] [31] [32] [33] .
Surgeons often strive to improve cancer control by adequate removal of the lymphatics draining the tumourbearing colon. Yet, current evidence did not support an overzealous approach. Excessive longitudinal resection, albeit with higher lymph node yield, has no impact on survival outcomes [34] . Also, the value of removing apical lymph nodes by central vascular ligation, as in complete mesocolic excision, is subjected to debate. The evidence was still conflicting at present [6] . The Japan Society for Cancer of the Colon and Rectum recommends apical lymph node removal for advanced disease [35] . Despite that, central vascular ligation and apical lymph node removal were not shown to have an impact on survival and this represents an area that warrants further research [36] .
The term inadequate lymph node yield is often misleading. A study had shown a lower lymph node yield, e.g. nine, as adequate for staging [3] . While the importance of adequate oncological clearance should not be understated, the absolute number of lymph node harvested may just be a mere reflection of underlying body immune response. The current study showed an improved survival was associated with the lymph node yield of greater than 20. The causality between lymph node yield and survival was not proven. However, a higher lymph node yield could be seen as a prognostic marker. The survival outcomes of patients with lymph node yield less than 12 were similar to those between 12 and 19. During the study period, there was a gradual adoption of the laparoscopic approach but the principle of colon cancer resection remained unchanged. The year of diagnosis was associated with a difference in lymph node yield but did not have an impact on survival outcomes. Lymph node yield below 12 per se, after adequate resection adhering to the principles of oncological clearance and diligent pathological examination, should not be seen as a risk factor. On the other hand, a lower lymph node yield associated with inadequate surgical resection poses a risk of under-staging and should follow the recommendation of ASCO and consider adjuvant treatment. This study was limited by its retrospective nature and therefore bias could exist between the different groups. There were differences in the clinic-pathological characteristics between the three groups. Patients in the LN≥20 group were younger, had a lower ASA grade, had bigger tumours and were less likely to be operated with the open approach. Prior studies showed that bigger tumours and younger age were associated with a higher lymph node yield [11, 16] . Surgeons in the unit followed a standardized operative approach. Nevertheless, there remained a possibility that young and fit patients with bigger tumours were treated more aggressively. Likewise, there was a possibility that patients in the LN≥20 group were operated by experienced surgeons who were proficient in the laparoscopic approach. Nevertheless, none of these was predictors of DFS. ASA grade and age certainly affected the analysis of OS. By performing multivariate analysis of the DFS, the effect was minimized.
There was also a possibility that a difference in survival was not detected between the groups of lymph node yield less than 12 and between 12 and 19 due to the relative small sample size. The quality of the mesocolon was not graded by surgeons or pathologists and was not analysed in this study. A better mesocolon quality may be associated with higher lymph node yield and hence served as a potential confounding factor for survival outcomes.
Conclusion
In conclusion, patients with lymph node yield greater than 20 were associated with better survival. This could be seen as a prognostic factor for better oncological outcomes. Those with lymph node yield less than 12 had similar survival outcomes as those with more than 12 but less than 20. Given adequate surgery and pathological examination, lymph node yield less than 12 should not be seen as a poor prognostic factor. 
